Background: Vaccination is the most costeffective intervention to improve health and reduce morbidity and mortality due to vaccine-preventable diseases in the child population. The South Asian region was home to 1.8 of the 6 million babies who died within twenty-eight days of birth in 2015.
Introduction
Childhood immunisation is the most cost-effective intervention for improving health and reducing morbidity and mortality due to vaccine-preventable diseases in the child population 1 . Around three million children die annually due to vaccine preventable diseases (VPDs), a large number of these children coming from developing countries 2 . Around 34 million children were not completely vaccinated, nearly 98% of them being from developing countries 2 .
Since 1990, there has been a significant improvement in the child immunisation coverage in the South Asian region. However, in India, Bangladesh and Nepal, coverage of childhood immunisation is still far from universal coverage 3 . In 2015, six million children died globally, with more than 30 percent coming from the South Asian region and this is equivalent to eleven children dying every single minute worldwide 4 . The researchers found that deaths from measles fell from more than 535,000 in 2000 to around 139,000 in 2010. Almost half of these deaths occurred in India attributed to lower vaccination rates 5 . As per the United Nations, strengthening routine immunisation is a cornerstone for countries to achieve the Millennium Development Goal 4 (MDG 4), which emphasised reduction of the child mortality by two-thirds between 1990 and 2015 1 .
During the last few decades, numerous programmes implemented in the South Asian region reduced child morbidity and mortality by increasing child vaccination 4 . Programmes such as Expanded Programmes on Immunisation (EPI), Universal Immunisation Programme (UIP), National Immunisation Programme (NIP), Pulse Polio Campaign (PPC) and Child Survival Programme, were organised in the region by the respective governments with the help of United Nations. "Do these programmes reduce vaccine preventable morbidities and mortality in the South Asian Region?" Evidence shows that despite the extraordinary success of vaccination programmers, still, around 23 million children under one year of age remain unvaccinated, many of them in South Asia 6 . In 2015, the South Asian region was home to 1.8 of the 6 million babies who died within twentyeight days of birth 4 .
Child immunisation is the most important public health intervention to reduce child morbidity and mortality 1 . The South Asian region consists of a number of countries, which are not only poor but also shoulder a significant proportion of the global child mortality 7 . India, Bangladesh and Nepal have large proportions of un-immunised children 7, 8 . Although India has spent twice as much per capita as Bangladesh and Nepal on health care, it has worse outcomes in infant mortality 9 . Therefore, there is a need to understand the trends and patterns of child immunisation and its confounding factors, particularly in India where the child mortality and immunisation coverage is low compared to Bangladesh and Nepal 7, 8 .
Method

Sources of data
The study utilised the publicly available data from the Demographic and Health Surveys (DHS) of three South Asian countries namely India, Bangladesh and Nepal. The Indian version of the DHS is the National Family and Health Survey (NFHS). DHS are nationally representative, large scale, stratified, multiple indicator cluster surveys comprising more than 99 percent of the country's population. These surveys provide detailed information on fertility, mortality, family planning practices, demographic and maternal and child health (MCH) related information, including immunisation status and other important aspects of nutrition, health and health care utilisation in the country and state level. The analysis uses data pooled from the second and third wave of NFHS (1998-1999 and 2005-2006) for India and first three round of DHS for Bangladesh (1999-2000, 2007 and 2011) and Nepal (1996 Nepal ( , 2006 Nepal ( and 2011 to attain an adequate sample size.
Immunisation status was defined according to either the vaccination card for each living child or when unavailable, as reported by the mother. The study considered children between 12-23 months of age for the analysis because, according to WHO guidelines, children across this age range are not refused vaccination in a field situation 1 . Thus, mothers with kids aged 12-23 months, were extracted from the children's dataset.
Description of Variables
This study utilised various exposure variables, namely, the age of mother (15-24, 25-34 and 35+), birth order (1, 2-3, 4-5, 6+), place of residence (urban, rural), religion (Muslim, Hindu and Other), mother's education (no education, primary, secondary and higher) and wealth index (poorest, poorer, middle, richer and richest). The immunisation status (full, partial and no) was the outcome variable in this study. We used household assets to generate the wealth index using principal component analysis (PCA) due to the nonexistence of household income or consumption data in the NFHS-2 (India), DHS-2 (Bangladesh) and DHS-1 (Nepal). 
Operational definitions
Statistical Analysis
Whole analyses were carried out utilising the SPSS software (20.0 version). We used the principal component analysis (PCA) to compute the wealth index. The descriptive statistics, bivariate analysis and multivariate logistic regression model were presented to give an overview of the level of immunisation coverage by socio-economic and demographic characteristics. The bivariate analysis was applied to investigate the crude association between the explanatory variables and outcome variable. Adjusted Odds Ratio was calculated to determine the impact of various independent variables on immunization coverage. We applied the sample weights to compensate for the unequal probability of selection between the strata that have been geographically defined and for the nonresponses. A detailed description of the sampling weights is given in the DHS dataset.
Ethical clearance: Our study is based on secondary data (DHS). The data is available in the public domain and was taken from the Measure DHS website (http://dhsprogram.com/). Therefore, ethical clearance is not required for this study.
Results
There were increasing trends found in immunisation coverage in the South Asian countries India, Bangladesh and Nepal ( Figure 1 ). In India, the percentage of full immunisation coverage increased by 4.2 percentage points from 1998-99 to 2005-06. However, the performance of Bangladesh and Nepal in the child immunisation was far better than India. More than 85% of children from Nepal and Bangladesh were fully immunised in 2006-07, whereas it was 43.6% in India. The percentage of non-immunised children was around 20.2 in the year 1996 and this figure came down to less than 3% during the 10-year period in Nepal.
The study found wide variation in child immunization coverage in terms of socioeconomic and demographic factors in the South Asian region (Tables 1, 2 
Determinants of child immunization
Result revealed that factors such as mother's age, residence, birth order and religion had minimal impact on complete immunisation coverage in India, Bangladesh and Nepal in all the periods studied (Table 4) . However, mother's education and wealth index were significantly associated with the complete immunization coverage. Children belonging to higher educated and richer families were more likely to be fully immunised. Maximum impact of education (AOR=9.833; p<0.01) and wealth index (AOR=8.105; p<0.01) were observed in 2006 and 2011 respectively in Nepal. 
Discussion
The fact that substantial reductions in child mortality are associated with increases in vaccination coverage is well established 10, 11 . Immunisation has been considered to be the most important public health intervention to prevent the child morbidity and mortality 12 . Hence, there is a need to understand the factors associated with immunisation coverage. An attempt was made to assess the status of immunisation and its confounding factors in the South Asian region which has the leading child mortality rate in the world as well as being one of the poorest regions concerning childhood immunisation coverage in the world 6, 7, 13 .
Our study revealed that the coverage of vaccination in India, Bangladesh and Nepal is far from complete despite the commitment for universal coverage in the Millennium Development Goals (MDG-4). Only 43.6%, (2005-06), 81.9% (2011) and 87% (2011) children were fully immunised in India, Bangladesh and Nepal respectively in our study. Previous studies also reported similar observations of poor immunisation coverage in the selected region 13, 14 . The present study revealed that Indian children had low immunisation coverage as compared to other two selected countries 7, 8 . We found that around 80% of children from Nepal and Bangladesh (2006-07) were fully immunised compared to 43.6% in India (2005-06).
Results of the study indicate a huge variation in the coverage of immunisation among different socioeconomic groups. A higher percentage of immunisation coverage was found among children belonging to better economic and educated group, urban resident, low birth order and mothers with advanced age groups (25-34 years) compared to their counterparts [15] [16] [17] . There were also differences owing to religious affiliation. We observed that the coverage of full immunisation among children born in Muslim religion was lower as has been found by other studies 18, 19 . This finding is comparable with a study done in Bangladesh, which reported that children from Muslim religion were more fully immunised compared to other religious groups 20 .
An attempt was made not only to access the levels and trends in child immunisation coverage in the South Asian region but also to examine its associated factors. We calculated the adjusted odds ratio to identify the independent predictors. The multivariate logistic regression highlighted that education of mothers and economic status of the family were the most important confounding factors affecting the immunisation coverage in the South Asian region 21, 22 .
Results confirmed that the children who belonged to higher educated and wealthier families were more likely to be fully immunised than the economically and educationally backward groups. There was enough evidence to show that the immunisation coverage substantially varied with the economic and educational status of the household 16, 17, 18 . We observed that mother's age, place of residence, birth order and religion appeared to have minimal impact on child immunisation coverage in the study 23 . The likelihood of immunisation was different for different birth orders, which were statistically significant. The likelihood of vaccination decreased with increased birth order. Children were more likely to be immunised with a low number of birth order and this could be due to more children constraining resources and negatively affecting health care utilization 23 . In this study, religion did not show significant association with the completion of immunisation among children aged between 12-23 months in Nepal (2006 to 2011). This finding is consistent with previous studies 15 .
The reasons for the poor immunization coverage in the South Asian region have been discussed in several studies. Some of them revealed that lack of knowledge concerning the vaccine preventable diseases, the purpose of immunization, the age at which the child starts and finishes immunization were associated with the lower immunization coverage in this region 18, 19 . Some studies considered children delivered at health facilities and mother's utilization of antenatal care were the main reasons for low accessing of child immunization 17, 24 . Besides its relation with institutional delivery as well as mother's utilization of antenatal care, complete immunization coverage of children, showed statistically significant association with exposure to mass media 16, 17, 25 .
There are a few limitations of the study. The results of the study are based on cross sectional data from different countries and hence there can be no proper comparisons of child immunization status between countries. The years of data also differ among the countries hindering comparisons. The data on childhood immunization were obtained from the vaccination card and mother's reporting. The quality of data acquired from the mother's report on immunisation status of their children may not as reliable as that of vaccination card due to recall bias resulting from either overestimation or underestimation. This study failed to incorporate the potential factors like vaccine management system and service delivery related factors that could determine the full immunisation coverage due to data constraints. In spite of this limitations, the study made an effort to access the predictors for full immunization coverage in the leading child mortality region due to vaccine preventable diseases using the best data sources of population based information in low-and middle-income countries
Conclusions
More than 85% of children from Nepal and Bangladesh were fully immunised in contrast to 43.6% from India. Mother's education and wealth index appeared to have a significant impact on full immunization coverage.
